
• Large scale upcycling on mixed plastic waste experienced notable conversion.
• Lower loadings of cellulose (10 PLA: 1 Cellulose: 1 iPP) improved PLA conversion to 

lactate ester compared to equal PLA: Cellulose composition. 
• Purity of the product compared the relative amounts of ethyl lactate to ethanol after 

distillation. The purity ratios varied across different loadings.
o Traditional distillation was used to remove ethanol, followed by vacuum 

filtration to remove ethyl lactate 
o Purity could be improved via vacuum distillation and fractional distillation to 

remove ethyl lactate 
Conclusion and looking forward:
• Overall, the reaction proved successful in the selective degradation of PLA in the 

presence of post-consumer plastics and transformation of PLA into value-added 
lactate esters 

o Full conclusions cannot be made without a full analysis of the data.
o More plastic combinations should be tried, including a system with all 

common types of plastic at once.
• Further research is necessary to improve the conversion rates in complex systems, 

as well as the success of separation processes
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Catalyzed transesterification 
depolymerization was performed 
on consumer waste containing 
polylactide to improve current 
recycling capabilities. 
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From this research, the transesterification reaction was successful at depolymerizing
post-consumer waste containing PLA and additional components without need for
purification beforehand. This shows promise for making current methods more effective
and environmentally friendly!
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Research Process:
• Pure PLA synthesized from D,L-lactide with DBU catalyst and BnOH initiator

• Average Đ = 1.08, MN = 8.54 kDa (n=119)
• Undergoes depolymerization to lactate ester most efficiently under condition 11

• Sterically unhindered alcohol, heat promotes solubility & backbone transesterification
• Green process: low catalyst loading, no solvent, benign reagents

# Alcohol Solvent Catalyst (mol%) Temp (ºC) Yield (%)
1 EtOH (3 eq) — TBD (1.0%) 80 93

2 BnOH (5 eq) — TBD (1.0%) 80 77

3 EtOH (3 eq) DCM TBD (1.0%) 25 11

4 EtOH (3 eq) MeCN TBD (1.0%) 25 90

5 EtOH (3 eq) 2-MeTHF TBD (1.0%) 25 87

6 EtOH (3 eq) DCM TBD (0.25%) 25 2

7 MeOH (3 eq) DCM TBD (1.0%) 25 74

8 EtOH (3 eq) DCM TBD-H+ (1.0%) 25 5

9 EtOH (3 eq) DCM DBU (1.0%) 25 7

10 EtOH (3 eq) DCM pTSA (1.0%) 25 0

11 EtOH (5 eq) — TBD (1.0%) 80 100

12 EtOH (5 eq) — TBD (1.0%) 25 33

13 EtOH (5 eq) — TBD (0.25%) 80 97

14 EtOH (3 eq) — TBD (1.0%) 80 36

Solvent 1 M [PLA], equivalents wrt. lactide repeat unit, yield quantified via 1H NMR.
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Large Scale Upcycling on Mixed Plastic 
Waste

Cellulose-iPP reaction undergoing fractional 
distillation to isolate ethanol from the product.

Polylactic acid (PLA) is a material of interest because its 
degradation products are biocompatible. PLA’s biocompatibility makes 
it an ideal material for single use plastics.Mechanical recycling often 
requires sorting various plastics before they can be recycled. This 
method removes the need for a sorting step and allows waste 
streams with PLA to be recycled directly. The products of this method 
include value added lactate esters, which can be used later as 
monomers, and mixed waste plastic that can be reprocessed in other 
ways.[1] Reaction conditions of a known organocatalytic method of 
depolymerizing pure PLA were varied to determine the best catalyst, 
alcohol, and temperature to facilitate PLA breakdown in the presence 
of mixed waste.[2] Herein, we present the optimized reaction 
conditions to depolymerize PLA in the presence of mixed plastic 
waste without prior sorting. 
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A set of reactions were conducted using the optimized conditions on a variety of sources of post-
consumer polylactide

We observed clear differences between the efficiency of the reaction depending on the source of 
PLA, indicating that additives or other materials in the plastic influences the reaction

Depicted above is the hypothesized reaction scheme for the transesterification of PC waste. Fourteen 
reactions were conducted to determine the optimal alcohol, solvent, and catalyst. 

The 1H-NMR suggested that the optimal reagents were TBD, ethanol, and no solvent. The lack of a 
solvent allows this reaction scheme to be implemented easily into large scale upcycling.

After seeing results from the transesterification of PLA on post-consumer waste, the
methodology was applied to two types of post-consumer PLA (green utensil, clear
cup) while mixed with other plastic wastes. These post-consumer plastics were
selected since they are likely to be found in mixed waste streams containing PLA.

Post-Consumer
Plastic

PLA (Clear Cup) 
Lactate Yield (1H 

NMR)

PLA (Green 
Utensil) Lactate 
Yield (1H NMR)

Cellulose 2.3 2.2

HDPE 66.8 31.8

iPP 68.4 30.5

LDPE 61.3 36.4

PS 68.6 37.1

PET 41.1 20.4

Our hypothesis that the PLA-green 
utensil was partially composed of 
cellulose is supported by the 
consistently lower yields of ethyl 
lactate shown in the data compared 
the PLA-clear cup.  The 
transesterification of PLA for the 
upcycling of mixed plastic is 
optimized with purer PLA 
components using this method. 

From this data, we gather that post-consumer PLA can be upcycled into lactate esters
in mixed waste streams. It is also apparent that different PLA-containing products have
various compositions and components that may prevent high yields of lactate esters
using these transesterification methods.


